Background Some surgeons contend that unicompartmental knee arthroplasty (UKA) can easily be revised to a TKA when revision is called for, whereas others believe that this can be complex and technically demanding. There has been little research regarding the efficacy or rationale of using metal augmentation and tibial stem extensions when revising a UKA to a TKA. Question/purposes (1) Is the use of stem extensions for the tibial component associated with increased survival when revising a UKA to a TKA? (2) Is the addition of modular augments associated with increased survival compared with stem extensions alone? (3) Is TKA design (minimally stabilized versus posterior-stabilized) or (4) tibial fixation (cemented versus cementless) associated with differences in survivorship? Methods Data from the Australian Orthopaedic Association National Joint Replacement Registry (AOANJRR) were used to analyze implant survival after revision of a UKA to a TKA, comparing results in which tibial components were used with and without modular components. The groups analyzed were TKA without a stem extension, those in which a tibial stem extension was used, and those in which a tibial stem extension was used together with an augment. There were 4438 revisions of UKAs to TKAs available for analysis.
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The mean duration of followup of patients having the TKA revisions was 5 years (SD, 3.5 years). There were 2901 (65%) procedures in which a tibial stem extension was not used, 870 (20%) procedures with a tibial stem extension, and 667 (15%) with a tibial stem extension and metallic augment. Kaplan-Meier estimates of survivorship were calculated and hazard ratios (HRs) from Cox proportional hazard models, adjusting for age and sex, were used to compare the rate of revision among groups. The overall 10-year cumulative percent revision (CPR) for UKA revised to a TKA was 16%. Results At 10 years, the CPR was increased when a stem extension was not used (19%; 95% confidence interval [CI],16.5-20.7 without a stem extension compared with 13%; 95% CI, 9.2-17.0 with a stem extension; entire period HR, 1.44; 95% CI, 1.10-1.89; p = 0.007). There was no difference in the 10-year CPR when an augment was used together with a stem extension compared with a stem extension alone (HR, 1.26; 95% CI, 0.85-1.86; p = 0.251). When minimally stabilized and posterior-stabilized TKAs were compared, there was no difference in survivorship. Minimally stabilized TKA designs without stem extensions showed higher CPR compared with when stem extensions were used (HR, 1.77; 95% CI, 1.16-2.70; p = 0.007), whereas posterior-stabilized designs without stem extensions showed higher CPR only when compared with when stem extensions and augments were both used (HR, 2.16; 95% CI, 1.24-3.77; p = 0.006). Cementless fixation of the tibial component resulted in a higher CPR than when cement was used (HR, 1.36; 95% CI 1.08-1.71; p = 0.008). Conclusions In this registry study, the risk of repeat revision after revision of a UKA to a TKA was lower when a tibial stem extension was used, but no such difference was found with respect to augments. Our study did not account for the degree of bone loss or surgeon preference when considering stems and augments. Further research to establish the degree of bone loss associated with UKA to TKA revision procedures will help clarify these findings. Level of Evidence: Level III, therapeutic study.
Introduction
Unicompartmental knee arthroplasty (UKA) is valued as a less invasive approach to degenerative knee conditions that allows straightforward revision to a TKA when revision is called for [7, 16, 17] . In fact, in 2003, Repicci [16] claimed his style of UKA was to be considered a "pre-knee replacement" procedure, which delayed the eventual "accepted definitive knee salvage procedure" of TKA. However, other authors dispute this and have provided evidence that failed UKAs are not easily converted to TKAs, because this surgery can be complex and technically demanding [6, 12, 14, 19] . These revisions can call for the use of thicker polyethylene inserts and management of large bone defects with bone cement, bone graft, or metal augmentation and stem extensions [14, 15, 20] .
There has been little research regarding the efficacy or rationale of using a stem extension or metal augment when revising a UKA to a TKA [9] . Some authors have shown that these revisions of UKAs to TKAs often call for the addition of stem extensions and augments to compensate for loss of bony support for the tibial component [3, 5, 19] . However, the use of these additional components has the potential to contribute further to bone loss on insertion and subsequent revision procedures.
Accordingly, we asked the following specific questions: (1) Is the use of stem extensions for the tibial component associated with increased implant survival when revising a UKA to a TKA? (2) Is the addition of modular augments associated with a decreased cumulative percent revision (CPR) compared with stem extensions alone? (3) Is TKA design (minimally stabilized versus posterior-stabilized) or (4) tibial fixation (cemented versus cementless) associated with differences in survivorship?
Materials and Methods
The Australian Orthopaedic Association National Joint Replacement Registry (AOANJRR) began data collection on September 1, 1999, with complete nationwide data collection starting in 2002 on almost 100% of the arthroplasties performed in Australia [1] . AOANJRR data are validated against data provided by state and territory health departments in Australia with use of a sequential multilevel matching process. A matching program is run monthly to search for all primary and revision arthroplasties recorded in the AOANJRR that involve the same side and joint of the same patient, thus enabling each revision to be linked to the primary procedure. Data also are matched biannually with the Australian Government's National Death Index to obtain information on the date of death.
AOANJRR data of revisions of primary UKAs performed for osteoarthritis between 2002 and the end of December 2015 were included in the analysis. The principal outcome measure was time to repeat revision. Revision is defined as reoperation of a previous knee arthroplasty in which one or more of the prosthetic components are replaced or removed or one or more components are added. Where the revision was to a TKA, the data were analyzed to determine the effect of tibial stem extensions and modular augments on the rate of subsequent revision. In addition, type of revision and reason for revision were examined. A stem extension was defined as any modular stem attached to the tibial baseplate or fixed keel. A modular augment was defined as a block or wedge Volume 476, Number 4 UKA Revision to TKA 855 added to the undersurface of the tibial baseplate. Where the AOANJRR documented the use of hinged prostheses, these were excluded from subsequent analysis. Results were further analyzed by prosthesis stability and tibial component fixation. For the purpose of this study, minimally stabilized prostheses are defined as those that have a flat or dished tibial articulation regardless of congruency, therefore including cruciate-retaining and ultracongruent polyethylene options. Posterior-stabilized prostheses provide additional posterior stability, most commonly using a peg and box design or, less frequently, a cam and groove. Tibial component fixation was regarded as cementless if no cement was used for fixation.
Statistical Analysis
Kaplan-Meier estimates of survivorship were used to describe the time to revision of an arthroplasty with censoring at the time of death or closure of the database at the time of analysis. Competing risk analysis was not used in this study because there was a relatively low percentage of deaths (8%).
The unadjusted CPR, with an accompanying 95% confidence interval (CI), was calculated with use of unadjusted pointwise Greenwood estimates. The unadjusted cumulative incidence functions of the reasons for revision also were calculated. Hazard ratios (HRs) from Cox proportional hazard models, adjusting for age and sex, were used to compare the rate of revision between groups. The assumption of proportional hazards was checked analytically for each model. If the interaction between the predictor and the log of time was statistically significant in the standard Cox model, then a time-varying model was estimated. Times were iteratively chosen until the assumption of proportionality was met, and then the HRs were calculated for each selected period. If no period was specified, then the HR was calculated during the entire followup. All tests were two-tailed at the 5% level of significance. Analysis was performed using SAS Version 9.4 (SAS Institute Inc, Cary, NC, USA).
There were 5260 revisions of 45,615 primary UKAs performed for osteoarthritis. Of these revisions, 588 were revised to another UKA and 234 revisions were for infection. These were excluded from further analysis leaving Tibial stem  870  100  37  91  68  68  10  Female  490  56  40  90  69  68  10  Male  380  44  37  91  67  67  9  Tibial stem with augments  667  100  38  94  67  67  9  Female  400  60  38  92  68  67  9  Male  267  40  42  94  67  67  10  No tibial stem  2901  100  31  93  66  67  10  Female  1551  54  32  93  66  66  10  Male  1350  47  31  93  67  67  10 UKA = unicompartmental knee arthroplasty. Loosening or lysis  406  47  386  58  1193  41  Progression of disease  277  32  153  23  1093  38  Pain  86  10  48  7  341  12  Fracture  26  3  31  5  46  2  Other  75  9  49  7  228  8  Total  870  100  667  100  2901  100 The original diagnosis is recorded by the clinician at the time of the surgery onto an Australian Orthopaedic Association National Joint Replacement Registry (AOANJRR) form, which is subsequently returned to the Registry for entry into the database as per the original diagnosis; surgeons may identify one or more diagnosis per patient and this is factored in to subsequent AOANJRR analyses; UKA = unicompartmental knee arthroplasty.
4438 revisions of UKAs to TKAs as the study population.
Patients who underwent 1090 (25.5%) of the procedures included in the study have less than 2 years' followup. Of these, 21.1% have had revision surgery, 5.9% have died, and the remaining 73% had not experienced an event as of the censor date (December 31, 2015) . The mean duration of followup for patients with TKA revisions was 5 years (SD, 3.5 years).
The type of revisions in this group included 2901 (65%) procedures in which a tibial stem extension was not used, 870 (20%) procedures with a tibial stem extension, and 667 (15%) with a tibial stem extension and metallic augment. The age and sex breakdowns for the revision groups were similar ( Table 1 ). The principal reasons for revision were loosening or lysis and progression of disease (Table 2) . A detailed analysis of revision type for each of the 12 most commonly used UKA prosthesis designs also was performed (Table 3) . The overall 10-year CPR for UKAs revised to TKAs (ie, the outcome of the first revision) was 16% (95% CI, 14.5-17.7).
Results
The 10-year CPR was greater when a stem extension was not used than when a stem extension was used (19%; 95% CI, 16.5-20.7 compared with 13%; 95% CI, 9.2-17.0; HR, 1.44; 95% CI, 1.10-1.89; p = 0.007).
There was no difference in the 10-year CPR when stem extensions were used alone compared with when an augment was used together with a stem extension (9%; 95% CI, 6.2-11.8; HR, 1.26; 95% CI, 0.85-1.86; p = 0.251) (Fig. 1) .
When the constraint of the design of the TKA prosthesis used to revise a failed UKA was compared, there was no difference between minimally and posterior-stabilized designs (Fig. 2) . When a minimally stabilized TKA design was used, the higher CPR associated with not using a stem extension was evident compared with the use of a stem extension (HR, 1.77; 95% CI, 1.16-2.70; p = 0.007) and a stem extension plus augment (HR, 1.74; 95% CI, 1.15-2.63; p = 0.008) (Fig. 3) . Posterior-stabilized TKA designs only showed a difference when a stem and augment were used (HR, 2.16; 95% CI, 1.24-3.77; p = 0.006) (Fig. 4) .
Cementless fixation of the tibial component resulted in a higher CPR than when cement was used (HR, 1.36; 95% CI, 1.08-1.71; p = 0.008; Fig. 5 ). The proportion of tibial components inserted with cement varied between the groups (Table 4) .
Discussion
Although UKA may be viewed as a procedure with less morbidity than primary a TKA, revision of a UKA to a TKA may be less than a straightforward procedure. To determine if stems and augments were associated with improved implant survival when revising a failed UKA to a TKA, we used registry data to compare groups using a stem extension, with those using a stem extension and augment, and with those with no supplemental tibial additions. We found improved implant survival when TKAs with tibial stem extensions were used for revision of failed UKAs. Cemented fixation of the tibial component also was associated with improved survival, but the use of augments was not. Our study has certain limitations. The results are combined for all revision indications (all-cause revision) and there may be factors that influence these results that depend on the clinical setting. For instance, there may be higher stem use in UKA revisions for tibial plateau fractures compared with revisions for cases of disease progression. This effect should be relatively small as the groups with no stems, stem extensions, and stem extensions and augments show similar revision indications (Table 2 ). There are prosthesis-specific differences in the proportions of stem and augment use in the revision procedure (Table 3) . Some of this difference may relate to the technique of initial UKA prosthesis insertion with some tibial components using a "resurfacing" inlay approach and others a larger bony resection. Registry data do not include details of the degree of bone loss. However, inclusion of multiple designs of UKA prostheses that required revision should minimize this confounder. There also may be other patient-, surgeon-, and prosthesis-related factors in the use of stem extensions and augments, which cannot be analyzed. These include aspects such as body mass index of the patient, the presence of osteoporosis, technique of removing the UKA tibial component and cement, and available thicknesses of tibial augments. This study has a large study population with a long length of followup; therefore, the influence of these factors should be spread among the revision types.
We found improved implant survival when TKAs with tibial stem extensions were used for revision of failed UKAs. This supports the findings of two previous series that followed patients for > 10 years that also showed encouraging results with stem use. Jarvenpaa et al. [10] had only two subsequent revisions in 49 procedures within 11 years. Johnson et al. [11] reported a 15-year followup of 77 patients, of whom 42 had died, seven were lost to followup, and four underwent secondary revision. The 35 patients remaining in the cohort had an average followup of 11 years with a cumulative survivorship of 91% (95% CI, 84%-98%).
We found no additional improvement in survivorship when augments were used in addition to stem extensions. There have been numerous single-center reports highlighting the frequent need for modular tibial additions such as stem extensions and augments in TKA revisions of UKAs [2-4, 13, 19] . In a larger series from three combined centers in the United States of 175 revisions of UKAs, three required femoral stems, 45 required tibial stems, and 44 used augments on the tibial side [18] . Although that study found additional revision was more common when an augment was not used, only nine TKAs required revision. A strength of our study lies in the large numbers available for analysis. There was no difference in the CPR between minimally stabilized and posterior-stabilized TKA prostheses used for UKA revisions. The proportion of posterior-stabilized TKA prostheses used in this setting was similar to the proportion used in Australia for primary TKAs for osteoarthritis. Although stability has been commented on in other studies [4, 11, 18] , this attribute has not been reported, to the best of our knowledge.
We also identified a higher rate of further revision when cementless fixation was used for the TKA tibial component. Although the use of cement for the tibial revision is associated with improved survivorship, it was not possible to determine from registry data whether cement was used just beneath the tibial baseplate or around the stem extension as well.
Previously Hang et al. [8] reported on the outcome of revision of UKAs to TKAs at 5 years. Our current study extends the followup to 10 years and highlights the improved survivorship when using tibial stem extensions in the revision procedure. The 10-year CPR of 19% when using a tibial component without a stem can be reduced if a stem extension is used regardless of whether a minimally stabilized (cruciate-retaining) or posterior-stabilized TKA prosthesis is chosen for the revision. In addition, even when stems are used, the risk of rerevision of the TKA used to Volume 476, Number 4 UKA Revision to TKA 861 revise a UKA is twice the rate of revision of a primary TKA at 10 years [1] , indicating that revisions of this type carry significant morbidity. Revising a UKA to a TKA is not a simple procedure with one-third using a stem extension and 15% an augment for the tibial component. Further research to establish the degree of bone loss associated with UKA to TKA revision procedures, the use of cemented versus cementless stems, and other confounding variables not available in the registry will help clarify these findings.
